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SPECIFICATION 

Controllably and swiftly degradable polymer composMonsandmmsandotherprodurtsmadetherefrom 

5 This invention relatesto photodegradable and thermally stable compositions based on homopolymers and 
copolymers of vinyl orvinylidene monomerssuch as polyethylene, polypropylene, poly methyl pentene, 
polyvinylchloride,ethylene-propylenecopolymers,condensationpolymers,e.g [-P ol Y am,d f r s 'P°^ e : s ' 
polyurethanes. etc., and intercopolymers containing unsatu ration, as well as mixtures of such polymers, 

which degrade very rapidly on exposure to the environment owing to the presence of particular metal 
10 Sexes Mo^ 

wherein the induction period, i.e. the duration between the exposure to sunlight (orthe suitable radiation) 
and the beginning of said degradation is predetermined and may be very short. n „,„ morsarP 
It is known that films of vinyl orvinylidene polymers and copolymers, especially ethylene polymers are 
widely used for many purposes including wraps and packaging materials and anyway for wrapping up 

15 di S££S d c£ain' of Sfch films are discarded in areas of public accomodation and become objectionable 
litterwhich can accumulate in substantial volume by reason of the fact that such films are notreadily 
deqraded by natural environmental factors. 
Owing to the unusual stability and to the resulting accumulation of such plastic materials, '"creasing 

20 attentionisbeinggiventotheproblemofproducingwrappingandpackaging polymerfilmswh.chwill 
degrade after use and upon exposure to otherenvironmental including sunlight. Moreover agriculture and 
particularly the field of crop protection has been requiring moreand more plastic materials for developing 
and manufacturing mulchingfilms which must perform their seivice namely to cover en^ 
soil andthe g rowingcrops,underfully exposed outdoorcondrtions^oracerta.npenodoft.meorbetter 

25 fromaspecmctimetoanotherspecifictim^ 
asp^ 

and must be removed. Exceptforsome cases in which thefilms can be reused and is worth recovering, 

removal is a time consuming and costly operation. mnl _____i_f 

Therefore the use of degradable polymer films is a desirable way of solving the probleir. of removal of 
30 mulchingfilmsaswell asthe problem of destroying plastic materials casually disposed after use. 

"n the Le of wrapping or packaging filmsthe environmental pollution caused by their residues may be 
avoided by compulsory use of cellulose-based materials which degradefairiy rapidly when exposed 

outdoors to the action of atmospheric agents; this is not the case with mulching films whose lifetime will ^be 
as long as may be desired and however for a given period of time and which have been normally removed 
35 afteruse. Such a problem was partially solved with the discovery of resin composit.onscontaming particular 
agentswhichfavourstheirdegradationbycausingtheirpriorembrittlementfollowedbyrapiddecayand 

formation of oxidized and biodegradable production. „ n)a i„!„„ ammn i.v 

Thus British Patent Specification n. 1 ,356,107 describesv.nyl pofymer rom P°* rt '°"?~"?'" ,n ^ ™°SfiT 
ofatransitionmetal,preferablyiron,whichcanbeacti^ 
40 radiation. Thecomplexcan beformed -insttu-fmmtheaocalledcomplexlngagemandasaltofthemetel. 

In the concentrationsusedthe complex makesthe composition stable inthe manufacturing process.n 
which it is brought to the molten state, usually extrusion or blow extrusion and during indoors use or in 
sufficiently sheltered places such as houses, shops, etc. On the contrary when the .^'^XSthe metal 
dis P osedoforexposedtosunlight(outdoorenvironmen^ 
4B in a photoactivated state which causes the rapid degradation of the polymer. Af.lm of degradable polymer 
containingmetalcomplexessuchasthoseclaimedintheabovementionedpatent,w.llpassuponbemg 
exposed to U.V. radiation, through a plurality of degradation stages, including a stage which is called 
"embrittlemenf in whichthefilm maintains itsform and continuityandthereforeitsprotectivecharacter, 
substantially unaltered, but in which it will easily be broken up by means of any mechanical act.on.Tne 
BO embrittlementstageischaracterizedbyanelongationatbreaksubstantiallyequaltozero. 50 

The lasting time between the exposures U.V. radiation and the attainment of the em bnttlement point 
constitutesthe so called "induction period". .„j/„ r( k«h,n= n i 

Theinduction period may widely varyaccordingtodifferentenv.ronmen^ 
polymer composition but is rather unpredictableandcannotbecontrollably predetermined. This isthel.mit 

« of the above mentioned invention. i_.„u:„i,rt,« 

The British patent specification n. 1 ,586,344 describes thermoplastic polymer compositions in which the 
timetoembrittlementcanbepredeterminedand^ 

in polyolefin films, said compositions containing carefully controlled amourt .of a metal 
described inthe above mentioned British specification (GB 1,356,107) in combination wrth an ultra-violet 
60 lightstabil'rzing complex, preferably a nickel complex. 

Theresultswhichhavebeenobtainedbyintroducingtheiwotypesofcomplexes.ntheplastic 

compositions are very surprising since iron compounds alone and nickel compounds alone white both 
mfluencingtheembrittlementtime,donotpermit,asabovementioned,tocontrolandpredictth,slatterw^ 

65 Pr The'single functions of the two types of complexes, namely the complexes of iron (or Mn or Ce) on one 
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hand and the complexes of nickel (or Co or Cu, or Zn) on the other, are very different from one another. Iron 
complexes are powerful activators of U.V. degradation of a variety of polymers after a relatively short 
induction period whereas nickel-complexes are U.V. stabilizers. 
When simultaneously present in a polymer composition they act with a sort of synergistic effect which is 
5 not merely an enhancement of a certain property (such as a more rapid photo degradation or an extension of 5 
the induction period) but a qualitative and complete change of behaviour. As a matter of fact the induction 
period is more complete and the stabilization of the polymer compositions which is promoted by the 
Ni-complex is enhanced during this period by reason of the comtemporary presence of the iron complex. 
The compositions containing such a combination of the two aforementioned complexes are particularly 
10 usefulforthe production of films, especially mulching films which a re all owed to remain onthesoilfora 10 
certain and desired period of time and afterwards will degrade and will not interfere with the subsequent soil 
working operations such as ploughing orharvesting but actually will in fact be eliminated bythose 
operations withoutthe need of any change in them. 
This type of polymer composition is very useful in agriculture and in countries with a very sunny climate 
15 such as Bre found in the Middle-East, where it is relatively easy to obtain fast degradation rates and it is 15 
necessary to extend the induction period to meet the needs of a particular crop. On the othBr hand the 
induction period would be In many cases absent withoutthe synergistic action of the nickel-complex. 

This was the purpose of British Patent 1 ,586,344. On the contrary in Northern Europe and similar northern 
latitudes, where there is lesssunshinethe problem is the opposite of that one previously discussed. 
20 In northern countries the scanty amount of radiation is not sufficientto induce in a reasonable period of 20 
time the photoactivation and the degradation of polymer compositions either containing only one metal 
complexsuch as those mentionedin the B.P. 1,356,107 orcontaining a particular combination oftwo ofthem 
such as those mentioned in B.P. 1,568,344. 
The practical result of the un sufficient U.V. radiation isthe difficulty to achieve afast rate of degradation 
25 whilethe physical disintegration of the plastic material occurs overa longertime than it would be needed as 25 
it should be the case of the mulching films in agriculture. 

This problem is exacerbated by thefactthat in Europe and in other northerly climates with very limited 
sunshine, mulching films contain carbon black in order to control and prevent the growth of weeds (in 
countries with very sunny climates mulching films are employed in orderto prevent soil parching) and this 
30 additive behaves as an U.V. stabilizerfor plastics thus extending the embrittlementtime even further (see G. 30 
Scott, Atmospheric Oxidation and Antioxidants, Elsevier, page 186 and 287). 

It has been shown previously by one of the present inventors that certain oxygen-containing 
metal-complexes of iron and cobalt, such as the p-diketone complexes (I) 
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45 where n is 2 or 3 

are very powerful activators forthe photodegradation of polyethylene |M.U. Amin and G. Scott, Europ. 
Polymer J., 1 0, 101 9, (1 974) | butthatthey cannot be used as additives for polymers in commercial practice, 
because they are also powerful activators for thermal oxidation of polymers during thermal conversion and 

50 processing operations such as extrusion or blow extrusion. Polymer compositions based on polyolefinsand 50 
containing catalytic amounts of (i) when processed and extruded to films undergosevere and deleterious 
thermal degradation reactions which lead to technologically unacceptable changes in meltflowindexand 
othertechnologlcal properties. 
We have surprisingly and quite unexpectedly found, according to the present invention, that the above 

55 mentioned thermal degradation reactions which take place in polymer compositions containing (I) can be 55 
completely inhibited by surprisingly small molar proportions of thermal stabilizing dithiolate complexes of a 
transition metal or of a metal of group II orlVof the periodic table of the elements, notably zinc, nickeland 
cobalt dial kyl-dithiocarbamates. 
The thermal stabilization attainable by metal complexes based on sulphurcompounds and other metal 

60 complexes is well known and has been already shown in British Patent 1,586,344; some of thosecomplexes 60 
(Ni,Cu,Co)areU.V.stabMizers(G.B.1^56,107; 1,586,344). 

On the contrary It is quite unexpected and unknown that very small amounts of thermal stabilizers such as 
those of the present invention, when used in combination with complexes of type (I) and in molar ratios 
ranging from 1 :4to 1 :5, actually increase the rate of photodegradation reactions, thus giving significantly 

65 shorter em b rittl em ent times than those attained with the oxygen complexes alone. 65 
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A second effect observed by combining very small amounts of at least one of the aforesaid 
therrnostabilizing complexes with complexes of the type (I) which are activators for the photodegradation of 
polymers, is the appearance of a very short but very well defined induction period upon exposure of 
degradabie polymer compositions to sunlight. 
5 That is to say thatthe induction period which in the case of complexes of the type (I) used alone is normal ly 5 
absent, in the case of the present invention is very short butthe stability of the compositions is absolute and 
complete during the induction period. Afterwards the degradation phase is sharp and rapid with total decay 
of the thermoplastic material. 

The above mentioned effects are however only observed when the molar ratio of the therrnostabilizing 
10 complex (for example Ni dithiocarbamate) to photo activating complex (I) (for example iron acetylacetonate) 10 
is less than 0.5. 

However, the most desirable ratios are lowerthan 0.3. When the molar ratio approaches 1 or is higherthan 
1 , then the resulting observable effect is that of a noticeable extension of induction period, with 
disappearance of the subsequent rapid and sharp decomposition. 
15 This means that as the molar ratio of stabilising to activating complex increases above 0.5 the very 1 5 

powerful and rapid phase of polymer degradation which is observable in the presence of complexes of type 
(I) either alone or in combination with very small amounts of thermal stabilising complexes issteadily 
disappearing. 

The practical consequences of this new discovery are that much shorter embrittlement times can be 
20 obtained than it has been possible to achieve previously in polyethylene coupled with excellent oxidative 20 
stability of the polymer during processing. 

The most characteristic aspects of the present invention are illustrated by means of the figures in the 
enclosed drawings wherein a comparison is made btween the particular combination of the two types of 
complexes when used in the desirable ratios and the same combination but at different ratios as well as the 
25 iron dithiocarbamate referred to in Brit. Pat. 1,356, 107. The first figure refersto low density polyethylene 25 
(LPDE)filmscontainingdh^erentamountsofirondimethyldrthiocarbamate(FeDMC),iron 
tris-acetylacetonate (FeAcAc) and zinc diethyl dithiocarbamate (ZnDEC) and exposed in a weatherometer at 
the same time. 

The abscissa (of Figure 1 and 2) represents the exposure-time and the ordinate (of both Figures) represents 
30 the variation of the carbonyl index (i.e. the ratio of the CO I.R. absorbance at a given time to the initial CO 30 
absorbance) as a measure of the polymer photodegradation. 

Two different photodegradation activation complexes namely a complex of type (I) (FeAcAc=0.0005 
moles/1 00 g; curve A) and iron dimethyl dithiocarbamate (FeDMC=0.0005 moles/100 g; curve B) contained at 
the same concentrations in LPDE behaves in a quite different way with respect to photodegradation control. 
35 Iron acetylacetonate promotes the immediate start of the degradative process while the second acts as a 35 
normal photoactivator(G.B. 1,356,107). 

Wheniron-acetylacetonate is combined with very small amounts of a thermal stabiliser (FeAcAc=0.0005 
moles/1 00 g + Zn DEC=0.0001 25 moles/1 00 g; 

40 R=Zn = 0.25; 40 
Fe 

curve C) the degradation rate is enhanced butthe degradation process is preceded by a very short but very 
complete induction period during which the stability is absolute as already mentioned. 
45 When Zn to Fe ratio is raised (R=1 ; FeAcAc= ZnDEC =0.0005 moles/100 g; curve D) the sharp trend of curve 45 
C turns into the steadily raised trend of cu rve D thus noticeably extending the embrittlement time to values 
which are very similar to those observed in the case of FeDMC alone (curve B). However the comparison 
between curve C and curve D is the better visual explanation of the novelty and originality inherentto the 
present invention.^, 

50 The latter aspect of this invention is illustrated in the second figure of the enclosed drawings, from which it 50 
can be seen that in an internal mixer the thermal stability of FeAcAc/ZnDEC (straight line C; FeAcAc=0.0005 
moles/1 00 g + Zn DEC=-.0001 25 moles/1 00 g or FeDMC alone=0.00025 moles/1 00 g) is very much better than 
that of the control (curve B=no additive) and as good asthat of FeDMCalone). 
FeAcAc alone on the contrary {curve A; FeAcAc= 0.00025 moles/100 g causes very rapid oxidation of LDPE 

55 underthese conditions. 55 
This invention consequently relates to polymer compositions which are very quickly degradabie under the 
action of ultraviolet light and/or sunlight wherein the induction period, namely the delay time between the 
exposure to U.V. radiation and the start of said degradation is predetermined and may be very small.The 
polymer com positions a re characterized in thatthe photodegradation is promoted by means of the 

60 additional presence of at least one metal complex which is a powerful activator of said photo-degradation of 60 
polymers in combination with a very small amount of a dithiolate metal complex which is a stabilised or 
thermal degradation. Molar ratios R of the activator complex to the therm a I stabiliser are lowerthan 0.5and 
preferably R^0.3. 

Moreover this invention relates to any protective or wrapping membrane and/or mulching film obtainable 
65 from said compositions by means of usual manufacturing processes such as extrusion or blow extrusion. 65 
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The thermoplastic vinyl polymer is preferably a film or fibre-forming polymer or copolymer such as 
polyethylene, polypropylene, poly (4-methy 1-1 -pentene), or polystyrene or terpolymer which may contain 
unsaturation. Other vinyl polymers such as polyvinylacetate, polyvinylchloride, polymethyl methacrylate, 
and polycrylonitrile and copolymers of the corresponding monomers, including vinylchloride-vinyl acetate 

5 copolymers, including graft copolymers with unsaturated polymers, as well as mixtures of such polymers, 5 
particularly with unsaturated polymers, can also be used in the compositions of the present invention. This 
process can also be used for condensation polymers such as polyesters, polyamides and polyurethanes.The 
thermoplasticcompositions of this invention may contain other compounding ingredients, such as blowing 
agents, various types of antioxidants, stabilisers, lubrifi cants, antistatic agents and antiblocking agents. 

10 Antioxidants do nottake part to the embrittlement process and therefore may be used in conventional 10 
amounts. 

Inert pigments, dyes, other conventional additives and carbon black may also be added to the polymer 
compositions. 

In general pigments act as U.V. screening agents and increase the embrittlement time of the polymer and 
15 this is particularlytrue for carbon black as above already mentioned. 15 
The photo-activating complex can be any organo-soluble transition metal complex in which the ligand is 
attached to the metal through oxygen. Preferred complexing agents are p-diketones, p- ketoestersand 
among them acetylacetone. 
Preferred transition metals are iron, cobalt and manganese. The thermal stabilising complex is preferablya 
20 groups II, group IV ora transition metal complex in which the complexing agent is any sulphur containing 20 
compound among the complexing agents disclosed in the earlier patents. In particular dialkyl 
dithiocarbamates, dialkyldithiophosphates,alkylxanthates, mercaptobenzothiazoles and nitrogen 
coordinating compounds such asthesalicylideneimidesetcfor example, compounds represented by the 
following formulae: 

25 25 
R 1 S R,O v S 

\ II \l 

N-C-SH P-SH 

dithiocarbamates drthiophosphates 

S S S 

35 II II II 

RO-C-SH HS-C-N-Rg-N-C-SH 

I I 
Ri R2 

40 xanthates bifunctionaldithiocarbamates 40 

S S 



H-S-P-OR-O-P-SH R-^rOl ^ C-SH 



II ' 3 5 



45 I I / 45 

OR OR S 

bffunctionaldithiophosphates benzthiazoles 

50 wherein each of R, R,, R* Ffe independently represents hydrogen or an alkyl, aralkyl or aryl group, which may 50 
be unsubstituted orsubstituted as well as linked tog ether to form heterocyclic rings. 

Dithiocarbamates and theabove mentioned derivatives thereof are the preferred complexing agentssince 
they are substantially non toxic. 
The preferred combinations of metal complexes in the thermoplastic polymer compositions according to 
55 the present invention are iron-acetylacetonate and Ni or Zn dialkyldithiocarbamates. 55 
The concentration of the oxygen complexes is generally from 0.0005 to 0.5% by weight and preferably from 
0.0005 to 0.2% by weight. 

The concentration of the thermal stabilising sulphur containing metal complex depends on the desired 
relative molar ratio R of stabilising to activating complex. The molar ratio R is generally lower than 0.5 
60 preferably R 0.3. Howeverthe relative concentrations to be used of the two metal complexes depend 6° 
largely on the intended use of the finished article. 

The following examples further illustrate the present invention. The starting material of the polymer 
compositions was a low density polyethylene LDPE with a melt flow index MFI«2,16Kg (10' at190°C). 
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Example I ■ 1Jino _ 

Iron acetylacetonate was added in an internal mixer {FeAcAc = 5-1 0~ 4 mol /1 00 g) to the aforesaid LDPE 
and a film was obtained using the blow extrusion technique which is conventional in processing 
polyethylene. Maximum processing temperatures were in the order of 21 0°C.Thefilm thickness was 30 
5 microns; however tests carried out with greaterthicknesses, up to the practical maximum of 100 microns, 
showed thatthe behaviour of the material was substantially the same for all thicknesses in the said range. 
The films were then exposed in a Weatherometer to UV irradiation. Table I summarises the resujts obtained 
from films made using the same methodology but adding different complexes to the LDPE. 

10 ^Behaviour of films of LDPE containing FeAcAc-FeDMC complexes alone or in combination withZnDECor 
NiDEC and laid out 



10 



■15 Type of complexes (molHOOg) EmbriWement time (hours) 15 

FeAcAc (5-10" 4 ) 425 

FeAcAc (5-10- 4 )+ZnDEC {1 -25 1 0" 4 ) 375 

FeDMC{5-10" 4 ) 1300 

FeDMC{1.25-10 -4 ) optimum 900 
20 FeDMCfB-IO-^+ZnDECfB-IO- 4 ) 1200 ?0 

FeDMC(2.5-10- 4 )+NiDEC(0.25-10~ 4 ) 750 

reference (LDPE without additives) 2200 

Example!! xwm . A . _ 

25 PolypropylenesamplescontainingNiDEC^.B^mol/IOOgh variable amounts of FeAcAc ranging from 0 25 

to 15-10 4 mol/IOOg, were processed inan internal mixer at 180°C. After lOminutes processing the meltflow 

index was measured. The results are given in Table 2. 
This table shows that even the combination containing a six-fold excess of FeAcAc is as thermally stable as 

that containing NiDEC alone in Polypropylene which is notoriously subjectto oxidative degradation during 
30 processing. 

TabJe2 

Thermal stability of polypropylene containing NiDEC (2.5* 1 0" 4 mol/1 OOg ) and FeAcAc (variable amounts) 
and processed in an internal mixer at 180°Cfor 10min. 

35 

FeAcAc (Moffl 00g) (MFOwmfn. 
0 0.64 
7.5-10" 4 0.66 
40 10.0-10" 4 0.64 
15.0-10- 4 0.65 

CLAIMS 



30 



35 



40 



45 1. Polymer compositions comprising a vinyl polymerand a combination of at leasttwo metal complexes 45 
wherein the complexing agent of the first complex is attached to the metal through oxygen and the metal isa 
transition metal, and the complexing agent of the second complex is attached to the metal through sulphur 
and the metal is a transition metal or a metal of group II or IV of the periodic table of the elements, wherein the 
molar ratio of the second metal complex to the first metal complex is 0.5 or less. 

50 2. PolymercompositionsaccordingtoClaimUnwhichthefirstcomplexisanironcomplexoracobalt 50 

complex. . 

3. Polymer compositions according to Claim 1 or 2, in which the second complex is a zinc or nickel or 

cobalt complex. 

4. Polymer compositions according to any one of Claims 1 to 3, in which thecomplexmg agent of tnefirst 

55 complex is acetyl acetone. 55 

5. Polymer compositions according to any one of Claims 1 to 4, in which the complexing agent of the 
second complex is a dialkyldithiocarmate, a dithiophosphate, a xanthate or a benzthiazole. 

6. Polymer compositions according to any one of Claims 1 to 5, which contain 0.0001 to 0.5% by weight of 
the first complex. n nt _ n/ . . . 

60 7. Polymer compositions according to any one of Claims 1 to 6, which contain 0.00005 to 0.25% by weight 60 

of the second complex. . 

8. Polymer compositions according to any one of the preceding claims, which include an antioxidant. 

9. Poly mer com positions according to any one of the preceding claims, which include carbon black. 

10. Polymer compositions according to Claim 1 substantially as herein before described. 

65 11. Polymer compositions according to Claim 1 substantially as hereinbefore described in Example I or 65 
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Example II. 

12. A film whenever obtained from a composition as claimed in any one of the preceding claims. 

13. A film according to Claim 12i which is a protective or mulching film. 

14. AfilmaccordingtoCia!m12or13 r whichis30to100micronsthiclc 

5 15. An agricultural processwhich comprises laying outa protective or mulching film as claimed in any 5 
one of Claims 12 to 14 on a crop-growing soil area; allowing it to lay on the area at least until it has reached its 
embrittlement stage and subsequently earring out soil worki ng operations in said area thereby substantially 
to eliminatethefilmfromthesoil surface. 

16. A process according to Claim 1 5, in which the soil working operations are carried out when the 

10 embrittlementrilmisstillsubstantiallycontinuous,wherebysaidfilmisbrokenup. 10 

17. A process according to Claim 1 5, in which the soil working operations are not carried out before the 
film has broken up. 
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